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EXPERIMENTS  ON  THE  TRANSMISSION  OF  SCARLET 
FEVER  TO  THE  LOWER  MONKEYS.* 
BY  GEORGE  DRAPER,  M.D., AND JOHN  M.  HANFORD, M.D 
(From the Hospital of  The Rockefeller Institute for Medical  Research, 
New  York.) 
The subject of the experimental production of scarlet fever in the 
monkey is  at  present under discussion.  Indeed,  it  was  partly be- 
cause of the discordant statements in the literature that we were led 
to undertake a  detailed study of the question, as the successful trans- 
mission to the lower animals of an otherwise refractory disease has 
often been  followed by an  important  increase in  the  fundamental 
knowledge of  the  affection.  The  etiology of scarlet  fever is  still 
unestablished and there exists as yet no specific mode of treatment. 
Furthermore, it is uncertain whether a  streptococcus bears a  direct 
or only an indirect relation to the disease, although it is known to be 
active  in  causing  secondary or  concomitant infections,  either  sep- 
ticemic or suppurative in nature. 
Whatever the  cattsative  agent  may be,  there  is  no  doubt of the 
inoculability  of  scarlet  fever upon  healthy human  beings.  Proof 
of this is found in the history of obstetrical practice of a generation 
ago  and  in  the  epidemical nature  of  the  disease.  The  important 
and  often fatal part played by the streptococcus in the  former in- 
stance  is  well  known.  Stickler's  observations  tend,  moreover,  to 
show that  the germ of  scarlet  fever is  able to  resist  o.6 per cent. 
carbolic acid,  bu,t  the  writer  fails  to state  for how long  a  period. 
Stickler also  supports  the  view,  now generally accepted,  that  the 
virus is contained in the secretions of ,the mucous membrane of the 
nose and throat. 
The  results  with  animals  are  less  convincing.  The  ordinary 
laboratory  animals  appear  to  be  wholly  refractory  to  inoculation 
with materials carrying the virus.  There is general agreement re- 
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garding this  point.  The  question  turns  upon  the  susceptibility to 
inoculation of monkeys, both higher and lower. 
In  I9O4 Grfinbaum produced  doubtful symptoms in a  chimpanzee which he 
clad in the nightshirt of a scarlet fever patient.  In addition to this, the animal's 
throat  was  thoroughly rubbed with  swabbings from the  pharynx of  a  case  of 
scarlet  fever.  In  I9II  Hektoen and Weaver  failed to  obtain any result  from 
feeding Macacus rhesus  monkeys upon milk contaminated with swabbings from 
the throats of scarlet fever patients.  The present revival of interest dates  from 
Cantacuz~ne's announcement that infection of lower monkeys  (Macacus  rhesus, 
Macacus sinensis, Cercopithecus cephus, Cercopithecus griseoviridis)  was accom- 
plished  by  inoculating them  with  blood,  pericardial  effusion,  and  emulsion of 
lymph nodes taken from cases  of  scarlet fever.  Bernhardt soon followed with 
an account of the successful subcutaneous inoculation of a Macacus rhesus  with 
scrapings from the tongue, swabbings from the throat,  and serum from a  bleb 
of scarlet fever patients, and also from merely swabbing the throat with infected 
scrapings from the tongue.  In a second report he states that a Berkefeld filtrate 
prepared  from  lymph  glands  produced  identical  symptoms  on  injection into 
Macacus  rhesus  monkeys.  From this he  concludes that the  virus is  filterable. 
We shall return to a  consideration of the symptoms described by these authors 
as evidence of  successful infection.  The most recent publication on the subject 
is that of Landsteiner, Levaditi, and Prasek who report the appearance of  sug- 
gestive but unconvincing symptoms as  the  result of  inoculating a  chimpanzee. 
They proceeded  as  follows: Three  chimpanzees were used.  The  first  animal's 
throat  was  rubbed well with a  deposit  from the  tonsils of  a  child with scarlet 
fever.  Three days later the animal received subcutaneously 75 c.c. of defibrinated 
blood  from  another  case.  Two  days  later  the  symptoms  began  to  appear. 
Death occurred in ten days.  The second chimpanzee was  inoculated repeatedly 
as follows : 
June  i8.  20 c.c. of defibrinated blood,  subcutaneously; tonsils swabbed with 
the deposit from the throat of the patient. 
June  I9.  Io  c.c. of  defibrinated  blood,  subcutaneously;  throat  swabbing 
repeated. 
June 2I.  5  c.c. of  emulsion of  cervical glands  from  a  fatal  case,  subcuta- 
neou~sly (material glycerinated). 
June 23.  5 c.c. of blood, subcutaneously; tonsils swabbed.  Death in six days. 
The  third  chimpanzee  was  inoculated less  intensely with  tonsillar deposits 
and blood,  in the throat,  subcutaneously, and intraperitoneally.  The animal re- 
covered  in six  days,  after  a  course with angina, false  membrane, rise  of  tem- 
perature, and diarrhea.  At autopsy a  streptococcus  was isolated in pure culture 
from the blood of the two fatal cases.  A  subsequent protocol indicates that one 
attack, such as that described for chimpanzee 3, does not confer immunity. 
The symptoms upon which all the observers base their conclusions 
are  varied  and  indefinite.  All  describe  skin  manifestations,  but 
each  differs  markedly  from  the  others.  Thus,  of  the  two  sets  of 
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roseola not having a scarlatiniform appearance," while Landsteiner, 
Levaditi, and Prasek describe an "exanthem of tiny red spots and 
confluent areas."  Cantacuz~ne and  Bernhardt,  working with  the 
lower monkeys,  present  equally  diverse  descriptions  of  the  rash. 
The former writes of "a uniform purple eruption on forehead, face 
and  sometimes  on  the  arms,"  which  paled  in  thirty-six  hours; 
whereas Bernhardt  reports  simply a  "blotchy  redness."  Here  is 
a striking dissimilarity in the description of a symptom which, from 
our present knowledge of the disease, must be looked upon as one 
of  the  most  important.  The  chimpanzees  are  reported  by  both 
sets of observers to have shown a white exudate on the tonsils as- 
sociated with an intense angina.  Griinbaum does not mention the 
appearance of the tongue, though Landsteiner and his associates re- 
port that the tongues of their animals were red with large follicles. 
No throat involvement in the lower .monkeys is mentioned by Can- 
tacuzSne  or  Bernhardt,  and  the  latter  alone  mentions  that  his 
Macacus rhesus  showed the typical coated raspberry tongue.  On 
the question of desqnamation Cantacuz~ne and Bernhardt agree that 
a large flaked scaling occurred, especially of the face and head, but 
Griinbaum  and  Landsteiner  do  not  mention  it.  All  the  authors 
report rises of temperature to 40 °  and 4 z°  C. 
The symptoms described by these writers as evidences of scarlet 
fever in the monkey are not convincing (table I).  They consist of 
variable  moderate  rises  of  temperature,  irregular  erythemas,  and 
desquamation.  Throat  changes  are  described only by  those  who 
used  chimpanzees.  The  question  arises,  therefore,  whether  any 
other test can be invoked to determine whether a  specific infection 
has been accomplished.  If we admit for the moment that the out- 
spoken symptoms following some of the inoculations are evidences 
of  a  scarlatinal  infection,  it  might  be  held  that  an  immunity to 
reinoculation may be produced that furnishes, in doubtful instances, 
a means of determining whether a previous specific infection existed 
or not.  In the only instance in which this test was applied,  how- 
ever,  no  immunity was  demonstrated  (Landsteiner,  Levaditi,  and 
Prasek). 
But this is  debatable ground.  Analogies  exist  between the  in- 
definite instances of so called specific infection in  the monkey and 520  Transmission  of Scarlet Fever to Monkeys. 
TABLE  I. 
Grfin- 
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Bernhardt 
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]having  scar- 
latiniform ap- 
pearance. 
Desquamation. 
Rise to 40 ° C.iUniform  pur- At  end  of  36 
Fluct ua t e d lple  eruption i  hours,  large 
for  23  days on  forehead, ]flaked  des- 
between  4o°face,  and  quamation  of 
and 4~ ° C.  sometimes on face.  Small 
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C  Highest]ness  on  face, lflakes, includ- 
40 °C.  Grad-shoulders,lingpalmsand 
ual fall.  and neck.  isoles. 
Land~- 
I 
38 °  to  40 °  C. Exanthem  of t 
steiner,  tiny red spots 
Levaditi,  and confluent] 
and  areas on neck,] 
head,  and  ex- 
Prasek  i  tremities" 
Throat__ 
White  spots] 
becoming  an t 
exudate  on] 
both  tonsils.] 
Streptococcus 
isolated  from 
throat. 
Tongue. 
re__ 
Coated 
raspberry. 
Intense  an- Red  with 
gina  of  ton-large  fol- 
sils,  pillars, lieles. 
and  mucous 
membrane. 
White deposit 
on tonsils. 
Glands. 
General 
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pathy per- 
sisting  for 
a  long 
time. 
General 
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mild  and  almost  unrecognizable  cases  of  scarlet  fever  in  man. 
However,  in  an  experimental  investigation  of  this  nature  only 
definite  evidences  of  illness  can  be  admitted  as  evidences  of  in- 
fection. 
The quest is complicated by another factor.  The causative agent 
of  scarlet  fever is  still  undiscovered.  Its  detection cannot,  there- 
fore, be utilized as evidence of infection.  On the .other hand,  the 
streptococcus is a  constant attendant of the scarlatinal infection; it 
exists  not  only  in  the  nasopharynx,  but  often  in  the blood  also. 
This  microSrganism may produce its  own  effects when  materials 
containing it or its  growth products  are injected.  To  distinguish 
between the effects of the streptococcus and of the unknown agent 
of scarlet fever offers, therefore, another theoretical difficulty. 
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symptoms in the monkey as evidences of possible infection, and no 
single  sign,  such  as  local  erythema,  slight  rise  in  temperature, 
vomi,ting, or desquamation.  Even when two  or three signs coin- 
cided, they were taken t.o be suggestive rather than demonstrative. 
Viewed in this way, the import of the effects upon lower monkeys 
of the inoculation of materials from scarlet fever patients does not 
confirm the observations of Cantacuzfine, Bernhardt, and others. 
THE  SOURCE  AND  NATURE  OF  THE  INOCULATING  MATERIALS 
EMPLOYED. 
The  materials  employed  for  inoculation  were  derived  from 
patients  in  the  early  stages  of  scarlet  fever.  This  was  rendered 
possible by the coSperation of the diagnosticians of the Department 
of  Health.  Several  cases  were  received  in  the  hospital  within 
twelve  hours,  and  many  within  twenty-four  to  thirty-six  hours 
after the first appearance of the rash. 
The materials used may be divided into three classes as follows: 
(I)  artificially sterilized;  (2)  fresh unsterile ;  (3)  fresh sterile. 
The  artificially  sterilized  material  consisted  of  sputum .treated 
with carbolic acid, so that the mixture contained o.5 per cent. of the 
d'isinfectant  This  combination was  shaken in a  machine for  one 
half to one hour, ,then put in the thermostat for a  few hours and 
shaken  occasionally  by  hand.  Sometimes  in  twenty-four,  and 
usually in thirty-six hours,  cultures  from the  mixture  on glucose 
agar  were  sterile.  This procedure has been shown by Flexner to 
destroy the bacteria contaminating poliomyelitic virus,  without in- 
juring the virus.  After several experiments it became evident that 
the monkeys were highly resistant to infection by the micro6rgan- 
isms  in the  nasopharyngeal and  ear  secretions  of  human beings. 
Consequently the carbolized material was soon abandoned and fresh 
substances were transferred directly from patient to animal. 
The  fresh  unsterile  material  consisted  of  (a)  whole  sputum 
shaken up with enough salt solution to render it evenly emulsified, 
(b)  tongue  and throat  scrapings  similarly  shaken,  (c)  absorbent 
cotton tampons from the nasopharynx,  (d)  finely chopped tonsils, 
(e)  washings from extirpated tonsils,  (/)  discharge from the ear. 522  Transmission  of Scarlet Fever to Monkeys. 
This  unsterile material was  injected subcutaneously,  submucously, 
and  intraperitoneally  without  serious  effect.  Indeed,  with  the 
exception of  sputum  from a  single  individual,  a  general  reaction 
was  never observed,  and  in  only two or  three  instances  did  local 
abscesses  develop.  Cultures  from the pus  of the abscesses  almost 
invariably showed Staphylococcus  aureus,  and  in  no instance  was 
the predominating organism of the injection mass recovered. 
The  third  class  of  scarlatinous  material  was  composed of  (a) 
urine  obtained  under sterile  precautions  and  found  sterile  by  cul- 
ture;  (b)  whole blood collected from a  vein in paraffin-coated iced 
tubes,  and  injected,  before clotting,  intravenously into  a  monkey; 
(c)  defibrinated  blood;  (d)  sputum  filtrates  (B~erkefeld);  (e) 
filtrates of broth cultures of streptococcus from scarlatinous throats ; 
(f)  blood  from  scarlet  fever cases  mixed  with  ascitic broth  and 
incubated at  37 °  C. 
OBSERVATION  OF  THE  INOCULATED  MONKEYS. 
The  routine observation of the  inoculated monkeys consisted in 
temperature  readings  'twice  daily,  frequent  blood  counts,  and 
physical examinations.  Control observations were made on several 
normal monkeys over a period of about ten days before the regular 
inoculation  series  was  begun.  As  a  result  of  these  preliminary 
findings,  normal  monkey temperature  curves  were  considered un- 
satisfactory standards by which to measure pathological variations. 
Indeed we attached little significance to the irregularities of temper- 
ature which the animals showed, even when the  readings  were as 
high  as  4 I°  C.  In  several  instances  after a  few  days of  rather 
high,  irregular  temperature  the  curve  fell  and  continued  almost 
level  (Ringtail  2,  Cercocebus  fuliginosus  3)-  Occasionally,  also, 
a  temperature curve might show a  sudden sharp rise  for which no 
explanatory physical sign or treatment could be determined. 
In contradistinction to the numerous irregularities in the tempera- 
ture  of  stock  animals  were  the  remarkably even  curves of  many 
inoculated  monkeys.  For  example,  Macacus  rhesus  monkeys  Io 
and  I2  received respectively five  and  four  inoculations,  yet  their 
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is .the  case of Cynocephalus  babuin  16,  who  developed a  purulent 
panophthalmilis,  necessitating  enucleation  of  the  eyeball;  yet, 
although his temperature was irregular, at no time did it rise above 
40 °  C.  Another  paradoxical  group  was  formed  by  the  animals 
that began with a high temperature and whose curve sank gradually 
but steadily after inoculation  (Macacus rhesus monkeys 29 and 3 o, 
and  Macacus  nemestrinus  20).  In  the  case  of  Macacus  nemes- 
trinus  20  the  lowest  part  of  the  temperature  curve  corresponded 
with  the time  when suppuration  of  the  thighs  existed.  Macacus 
rhesus 25,  on the other hand,  displayed a  distinct rise of tempera- 
ture when abscesses formed in the groin. 
These examples show how uncertain a  criterion the temperature 
of the monkeys is.  The blood counts were still more unsatisfactory 
and were given up early in the work. 
A  thorough physical examination of the animals was made every 
morning,  and  suspicious  signs  were  watched  during  the  day.  It 
soon became evident that the superficial lymph nodes would be of 
little  value,  because  in  almost  every  animal  they  were  enlarged, 
especially  the  axillary  nodes.  This  was  a  constant  finding. 
Furthermore, many of the  animals,  especially the Macacus  rhesus 
monkeys, developed  from time  to  time purplish  red  erythemas of 
varying intensity on the face and neck.  In the case of one female 
with an unusually brilli,ant color about the buttocks, these erythem- 
atous blotches appeared in associati~on  with an intensification of the 
buttock redness.  At the same time there was a bloody, mucous, vaginal 
d'ischarge.  The Macacus nemestrinus monkeys were much paler and 
in no case showed any redness.  The Macacusrhesusmonkeys  like- 
wise exhibited almost constantly a  fine, bran-like desquamation, seen 
more especially over the neck, shoulders,  and  chest.  It  is  difficult 
to see the tonsils in monkeys, for they are small and low down, and 
the faucial ring is narrow.  In other respects the throat is easy to 
observe and in our series was always found to be rather pale with a 
slightly livid tinge.  The tongue of monkeys is usually clean, though 
at times an irregularly light whitish coat may be seen.  The papillm 
tend to be prominent and pink. 524  Transmission of Scarlet Fever  to Monkeys. 
EXPERIMENTAL  OBSERVATIONS. 
The experiments were varied as much as possible, both with re- 
spect to the character of material and the site and method of inocula- 
tion, on the one hand, and the conditions bearing upon the suscepti- 
bility of the animals, on the other. 
The routes of introduction were through the mucous membranes, 
skin,  stomach, joint cavities, blood  stream,  peritoneum,  and brain. 
It seemed possible that repeated inoculations at three week intervals 
over a  long period might bring about a  state  of hypersensitiveness 
and  so  lead  to  infection.  Consequently  several  monkeys  were 
treated in that manner.  The animals stood the inoculation well and 
showed no reaction of any kind.  In this series most of the inocula- 
tions  were made by  swabbing  the  scarified  mucosa with  infected 
material, and by submucous injections in the throat :and nose with a 
hypodermic needle. 
With the view of adapting a virus to an unusual host, two series 
of  experiments  were  undertaken,  in  which  infected material  was 
injected subcutaneously in a  region whose lymphatic apparatus was 
easily accessible for removal.  The groin was  used in  each series, 
but  the  inoculation  material  differed.  Series  .A.  received  sub- 
cutaneously the supernatant fluid from an emulsion of fresh tonsils 
from scarlet fever patients, whereas series B was given an emulsion 
made  from  tongue  scrapings.  It  is  interesting to  note that  after 
the first passage the inguinal lymph nodes were sterile, although in 
some cases enlarged. 
The first three animals of series A were treated as described above 
and the inguinal nodes were removed and an emulsion made from 
them was reinjected into another monkey.  The last three animals 
of this  series  were treated  in  a  similar  way,  except the  final  one, 
which received the emulsion of inguinal  nodes  partly in the brain 
and partly in the peritoneum (Macacus rhesus 28).  Series B was a 
repetition of Bernhardt's method.  Both  series were negative. 
Clinical  experience  suggests  that  scarlet  fever and  measles  are 
not infrequently associated.  This may depend purely upon coinci- 
dence, but the  fact suggested to us the possibility that one disease 
might  predispose  to  the  other.  Consequently,  encouraged by  the George Draper and John M. Hanford.  525 
successful reports by Anderson and Goldberger of the transmission 
of measles to Macacus rhesus monkeys we attempted to produce this 
disease in an animal which was to be inoculated later with scarlati- 
nous  material.  Neither  disease  developed  in  the  two  animals 
injected. 
The high degree of resistance shown by these animals led us to 
try two ,other modes of infection.  The first was designed to over- 
whelm the animals with large, rapidly repeated inoculations of the 
infected  material,  and  the  second  to  employ methods  which  are 
known to lower the resistance of animals to infection.  The follow- 
ing protocol illustrates the methods used. 
A  healthy Macacus  rhesus  monkey, giving a  negative von  Pirquet  tuberculin 
test,  was inoculated as  follows: 
February  23.  3  e.e.  of  defibrinated  blood  from  a  patient  one  day  ill,  intra- 
cerebrally;  25  c.c.  of  defibrinated  blood  from  a  patient  one  day  ill,  intra- 
peritoneally. 
February 24.  20 c.e.  of  an emulsion of  inguinal nodes  from Macacus  rhesus 
24  (previously  inoculated),  subcutaneously in the  right groin  and  thigh. 
February 25.  43 c.e.,  intraperitoneally, of a  mixture made of 3o e.c.  of  fresh 
blood from  a  twenty-four hour old case of  scarlet  fever,  incubated in 75 c.c.  of 
ascitic broth at 37  ° C.  for forty-five hours. 
February  27.  The  throat,  pharynx,  and  tongue  were  scarified  and  swabbed 
with fresh throat swabbings of a  five day old case of scarlet fever. 
March  2.  95  c.c.,  intraperitoneally,  of  a  Berkefeld  filtrate  of  the  following 
materials:  sodium  chloride emulsion  of  fresh  sputum  of  a  five day  old  case of 
scarlet fever plus  two broth flask cultures  of  streptococcus  from the throat of a 
scarlet  fever patient. 
Notwithstanding  this  amount  of  inoculation,  the  animal  showed  no  rise  of 
temperature above 40  ° C. and no signs of illness or discomfort. 
To diminish the resistance of the animals, the states of exsanguination and of 
anaphylactie  shock  were  produced.  In  the  first  instance  the  animal  was  bled 
until  severe  symptoms  of  hemorrhage  appeared  and  then  a  saline  infusion  was 
given.  Following  this,  50  c.c.  of  fresh  whole  blood  were  transferred  directly 
from the vein of a  twenty-four hour old case of scarlet fever into the circulation 
of  the  monkey.  On  the  next  day  the  monkey's  throat  and  pharynx  were 
swabbed  with  material  from  the  throat  of  the  same  case  that had  supplied  the 
blood.  No  symptoms  developed.  The  last  monkey  treated  was  given  a  mild 
anaphylactie shock by injection of horse serum  at proper  intervals.  On the  day 
before  the  shock the animal received  intraeerebrally 2  c.c.  of  defibrinated blood 
from  a  forty-eight hour old  case  of  scarlet  fever.  Four  hours  after  the  shock 
3.5 e.e. of the same defibrinated blood were inoculated intracerebrally and  15 e.c. 
intraperitoneally.  The  pharynx  was  also  swabbed  with  throat  swabbings  from 
the same  case.  No  symptoms  developed. 526  Tra~smission  of Scarlet Fever to Monkeys. 
In the case of the exsanguinated monkey it is conceivable that the saline in- 
fusion  acted  as  a  diluent  and  thereby  lowered  still  further  the  defensive 
mechanism of the body, already partially depleted of blood.  Just how much the 
anaphylactic shock  given  to  monkey  29  lowered  its  resistance  to  infection  is 
problematical, especially in view of the  fact that the blood used  for  inoculation 
of  the  brain and  peritoneum contained  streptococci.  The  animal  developed no 
symptoms. 
CONCLUSIONS. 
I.  The reported successful transfer of scarlet fever to both higher 
and lower monkeys is not definitely established. 
2.  In the course of the experiments here reported, the infectious 
agent  can be  assumed to have been  carried  over to  the monkeys. 
The failure to cause infection probably proceeds from the insuscepti- 
bility  of  the monkeys employed, or to the manner of  introducing 
the agent. 
3.  The  temperature curve and  leucocyte count of  monkeys are 
unsatisfactory criteria for the diagnosis of disease in those animals. 
4-Monkeys  frequently  have  transient  blotchy,  erythematous 
eruptions  on  the  face  and  neck,  and  almost  always  a  bran-like 
desquamation. 
5.  Monkeys are highly resistant to infection with micro6rganisms 
from human beings. 
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